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Power ultrasound has vast potential in the food industry; however, there are no works on its effects on desserts. Thus, 
the objectives of this study were to investigate the effect of ultrasound as a mixing or homogenization step or as a 
tool to modify the texture of the soy-based desserts without reformulating the product. Different properties of soy-
based desserts were evaluated and the behaviour of the samples during storage under refrigeration (60 days) was 
monitored. The samples were treated with an ultrasound probe for 1, 3, and 5 min. The treated samples showed lower 
mean particle size, lower consistency index, higher fl ow index, and clear difference in their microstructure. However, 
water holding capacity and particle size dispersion index values did not differ among untreated and treated soy based 
desserts for 1 and 3 minutes, and none of the treatments caused visible colour differences among the samples. 
Periodically, rheological properties, pH, soluble solids content, colour, particle size, and water holding capacity were 
determined. After 60 days, all evaluated properties differed signifi cantly, except for the pH.
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High-power ultrasound is gaining importance as an alternative food processing technology, 
being used for different purposes. Examples include homogenization of milk (BERMUDEZ-
AGUIRRE et al., 2009a,b; CZANK et al., 2010), mixing step of cereal-based viscous fl uids such 
as batter cake for texture improvement (TAN et al., 2011), reduction of the density of products, 
such as ice cream, mousse, and confectionary (LIM & BARIGOU, 2005), and increase of the 
fi nal product viscosity of tomato puree (BATES et al., 2006).
Regarding specifi cally soy-based desserts, to the best of our knowledge, there is no 
study in the literature evaluating the effect of ultrasound on the texture and stability of this 
type of product. However, some individual components of soy-based desserts (soy, starches, 
and other polysaccharides) have already been treated with ultrasound and its effect on 
different properties was examined.
JAMBRAK and co-workers (2009) have studied the infl uence of ultrasound treatment on 
physical properties of soy protein isolates and concentrates, reporting that in both cases the 
treatment with 20 kHz probe (for 15 or 30 min) increased solubility, emulsion activity index, 
and specifi c surface area of the samples, with the two latter effects being advantageous in terms 
of food texture. Ultrasonic treatment has also been applied to corn, potato, tapioca, and sweet 
potato starches (HUANG, et al., 2007; LUO et al., 2008; JAMBRAK et al., 2010; MONTALBO-LOMBOY 
et al., 2010; SUJKA & JAMROZ, 2013), gelatinized starches (IIDA et al., 2008), and solutions of 
other polysaccharides (LII et al., 1999, IIDA et al., 2008; AZIZI & FARAHNAKY, 2013). The authors 
have reported decrease in viscosity, molecular weight, and particle size values of the treated 
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samples, and have attributed these results to depolymerisation processes resulting in partial 
cleavage of glycosidic linkages in amylopectin and amylose units (IIDA et al., 2008).
Taking into account the information above, the ultrasound has potential to be used as a 
mixing or homogenization step or to improve the texture of the soy-based desserts, since it is 
capable of modifying important properties of starches, polysaccharides, and soy protein 
solutions. In this study, the effects of the ultrasonic process on soy-based desserts has been 
evaluated by measuring the changes in pH, soluble solids content, viscosity, colour, water 
holding capacity, and microstructure of the samples.
1. Materials and methods
1.1. Material and sample preparation
The ingredients used in the formulations included water-soluble soy extract (Olvebra 
Industrial S/A, Eldorado do Sul, Brazil), sucrose (União, Limeira, Brazil), carboxymethyl 
cellulose (CMC) (Hexus Food, Portão, Brazil), powdered guava juice (Kraft Foods, Curitiba, 
Brazil), carrageenan (Cargill Alimentos, Minnesota, United States), polydextrose (Danisco 
Brasil Ltda, Cotia, Brazil), cross-linked corn starch (Snow fl ake@ 6308, Corn Products 
Brasil Ingredientes Industriais, Mogi-Guaçu, Brazil), and guava pulp (Mais Fruta, Antônio 
Prado, Brazil). The commercial guava pulp used in this work presented pH, soluble solids 
content, and moisture value of 3.94±0.04, 7.00±1.00 and 93.78±0.07, respectively. The 
physicochemical composition of the soy extract was 10% of moisture, 18.5% of carbohydrates, 
44% of protein, 26% of fat, and 1.5% of fi bre.
Soy-based dessert was prepared similarly to SPADA and co-workers (2014) as follows: i) 
hydration of water-soluble soy extract in water at 40 °C for 15 min at 100 r.p.m. using a 
propeller stirrer; ii) addition of dry ingredients to the soy solution at 1000 r.p.m. for 15 min; 
iii) addition of the gelatinized starch and of the guava pulp under agitation (1000 r.p.m.) for 
10 min; iv) ultrasonication; v) pasteurization at 75 °C for 30 s; vi) fi lling into sterilized glass 
containers; and vii) storage at 7±1 °C for 24 h prior to their evaluation. The starch used in step 
(iii) was previously gelatinized in a water-bath at 100 °C for 5 min to provide total 
gelatinization.
The ingredients and quantities (g/100 g) used in the formulation were: sucrose (9), 
guava pulp (16.5), water soluble soy extract (6.5), modifi ed starch (3.7), polydextrose (2), 
powdered guava juice (1.5), carboxymethyl cellulose (0.4), carrageenan (0.3), and mineral 
water (quantum suffi cit for 100 g). Desserts were sonicated in 100 g aliquots in 250 ml glass 
vessel, using a 20 kHz, 750 W ultrasonic probe (12 mm diameter, Sonics Vibracell, model 
VC750, Newtown, USA), for 1 min (US-1), 3 min (US-3), and 5 min (US-5). The ultrasonic 
density was 3 W g–1 and to promote a better homogenization of the sample, every 30 s it was 
stirred using a mechanical stirrer.
It is noteworthy that after 60 days the samples were in accordance with the Brazilian 
microbiological standard of foods (BRASIL, 2001).
1.2. Physicochemical and microstructural properties
Soluble solids content (SSC) was measured with a refractometer at 25 °C (AOAC, 2000a), 
pH using a pH-meter (AOAC, 2000b), water holding capacity using the centrifuge method 
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(HARTE et al., 2003) and microstructural properties were conducted with optical microscopy 
with magnifi cation of × 40 (SPADA et al., 2014).
1.3. Particle size distribution
The non-soluble material in the samples was characterized with relation to particle size 
distribution using laser diffraction (Cilas 1180 Liquid; Cilas Corporate, France) in wet mode 
using distilled water as carrier liquid. To perform the measure, the following parameters were 
used: refractive index of the sample (1.36), sample amount (400 mg), distilled water amount 
(2 ml that was introduced using a pipette) and ultrasound time before the measurement (60 s). 
Before introduction into the equipment, the samples were dispersed in distilled water in a 
ratio of 1:10 w⁄v. The volume mean diameter (D4,3) and the dispersion index (span) were 
calculated.
1.4. Colour measurement
Colour was measured in a colorimeter (Konica Minolta Sensing Inc., CR 400, Japan) using 
optical glass cells 2 cm high with a diameter of 6 cm. The colour reader was calibrated using 
a calibration plate CR A43. Results were expressed using the CIE L*a*b* colour space with 
reference to illuminant D65 and a visual angle of 10°. From L*, a*, and b* the colour 
difference (∆E*) was calculated.
1.5. Rheological behaviour
A rotational rheometer (Ares, TA Instruments, New Castle, USA) was used to conduct 
rheological measurements (steady and dynamic tests) using a plate–plate geometry (50 mm) 
with a gap of 1.5 mm. Flow curves (shear stress versus shear rate) were obtained from 0.1 to 
300 s–1. The hysteresis area was measured as the area between the up and down curves, and 
these values were normalized by the area of the increasing shear rate stage of the respective 
fl ow curve. The hysteresis curve is a measure of the extent the structural breakdown caused 
by shear stress. This behaviour is typical of thixotropic fl uid; the larger the area under the 
curve, the greater the thixotropic effect.
Data from the downward curve of the shear cycle measured at 25 °C were fi tted to 
Ostwald-de Waele model ( nK  , where: τ is the shear stress, is the shear rate, K is the 
consistency index, and n is the fl ow index). The parameters were estimated by the least-
square method, using the software Statistica 10.0 (Statsoft Inc., Tulsa, OK, USA). Dynamic 
frequency sweeps (elastic (G’) and viscous (G”) moduli versus frequency) were also carried 
out at 25 °C in the range of 0.5–500 rad·s–1. These tests were performed to calculate the ratio 
between the moduli (G’/G”) that provides information about the strength of the gel.
1.6. Statistical analysis
For the statistical analysis, analysis of variance (ANOVA) and Tukey’s test were performed 
using the software Statistica for Windows (version 12, StatSoft, USA). A P-value below 0.05 
was considered signifi cant.
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2. Results and discussion
The values of volumetric diameter (D4,3), span, pH, SSC, WHC at 7 °C and 25 °C, rheological 
parameters, and total colour difference after 60 days are shown in Table 1. It can be noted that 
the ultrasonic treatment affected the size distribution of the non-soluble material in the 
formulation, since the mean particle size (D4,3) varied signifi cantly between untreated and 
treated samples and with the time of treatment according to the Tukey’s test (P<0.05). These 
results are in accordance with that reported by JAMBRAK and co-workers (2009) for soy protein 
(isolate and concentrate) and by JAMBRAK and co-workers (2010), who analysed the weight 
mean diameter of starches.
Table 1. Properties of the samples at fi rst day and after 60 days of storage
Properties
Untreated  US-1  US-3  US-5
1 60 1 60 1 60 1 60
pH 5.06a 5.01a 5.04a 4.97a 5.03a 4.97a 5.09a 5.05a
SSC (°Brix) 19a 19a 20a 20a 21a 19b 22a 20b
WHC 25 °C(%) 98.98
a – 98.18a – 99.03a – 69.91a –
WHC 7 °C(%) 100
a 91.52b 100.00a 98.86b 100a 99.41b 100a 90.07b
∆E* – 3.44 – 3.06 – 2.98 – 3.46
D4,3 (mm) 33.69
a 26.71b 31.49a 26.27b 30.99a 26.65b 28.63a 26.52b
Span 1.28a 1.23a 1.28b 1.49a 1.41a 1.55a 1.64a 1.76a
K25 °C(Pa s) 78.71
a 18.46b 65.52a 17.05b 49.04a 11.40b 23.25a 5.80b
n 0.277b 0.423a 0.293b 0.445a 0.332b 0.466a 0.405b 0.535a
G’/G’’(50)(Pa) 2.97
a 2.48b 2.58a 2.21b 2.27a 1.85b 1.72a 1.76a
Hysteresis area (%) 1.10b 15.04a 1.30 b 13.40a 0.70b 14.10a 1.10b 14.70a
*: For each sample, means within lines followed by different superscripts are signifi cantly different at P<0.05 using 
Tukey’s test
On the other hand, the effect of the ultrasonic treatment on the width of the particle size 
distribution only became signifi cant for the highest time of treatment tested (US-5, span=1.64). 
This result indicates that the ultrasound treatment led to the increase of the amount of small 
size particles in the sample, but not to increase of homogeneity in the particle size distribution, 
as corroborated by the micrographs of Figure 1. Moreover, both analysis showed that 
independently of the ultrasound time, the particles of large size (~90 um) remained in the 
samples. A possible cause for this behaviour is the high viscosity of the dessert formulations 
studied, because the ultrasound absorption in a given medium increases when its viscosity 
increases, reducing the propagation of ultrasound waves (HUANG & TERENTJEV, 2012). When 
compared to results reported by other authors, who have used high pressure homogenizers for 
different products, such as ice-cream (INNOCENTE et al., 2009), yoghurts (CIRON et al., 2010), 
and pineapple pulp (SILVA et al., 2010), the ultrasound seems to be less effective in terms of 
homogenization of particle size. However, studies regarding energy density are necessary to 
compare the technologies.
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The ultrasound did not cause changes in the pH values of the samples. However, the 
soluble solids content (SSC) of the samples varied signifi cantly (Table 1), ranging from 19 to 
22 °Brix. The higher soluble solids content of the US-treated samples may be taken as an 
indicative that particle size reduction discussed previously was accompanied by the release 
or leaching of soluble compounds due to structural changes or breaking of some components 
as proteins, starch, and polysaccharides. The result corroborates the reported fi ndings by 
other authors (MASON & ZHAO, 1994; KRESIC et at., 2008; JAMBRAK et al., 2010), who 
mentioned that the ultrasound effect is related to the disruption of cell tissues, allowing a 
better release of soluble constituents.
Fig. 1. Photomicrographs (×40) of the untreated sample (A) and of the US-treated samples for 1 min (B), 
3 min (C), and 5 min (D)
Rheologically, all desserts exhibited non-Newtonian behaviour with insignifi cant values 
of hysteresis area. The viscosity of the samples decreased with the increase of the time of 
treatment as indicated in Table 1 by the monotonous decrease of the consistency index. The 
increase of the fl ow index (n) with the time of treatment is a direct consequence of the 
decrease of viscosity and particle size (discussed before) promoted by the ultrasound, since 
these two effects are expected to make the fl ow behaviour of a complex system closer to that 
of a Newtonian fl uid. In the previous work (SPADA et al., 2014) the infl uence of the interactions 
between the components on the viscosity of the samples has been discussed. The interactions 
have been explained on the basis that protein-polysaccharides interactions and polysaccharides-
water binds could be indirectly infl uenced by the water content. The lower the amount of 
water added in the initial step of the desserts production, the lower the steric hindrance, 
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which facilitates the interactions among the molecules, increasing the viscosity of the food. 
Taking into account these considerations, there is the possibility that some of these interactions 
are broken during the sonication, leading to a lower viscosity.
Additionally, all samples showed a clear gel-like behaviour, with G’ higher than G”, 
over the entire frequency range (BRUMMER, 2006). For all cases the ratio was always lower 
than 3 in such a way that they can be classifi ed as weak gels, according to the criterion of 
LAPASIN and PRICL (1995). Furthermore, the gel strength decreased with the time of treatment, 
consistently with the effect of this parameter on the viscosity of the system. The lower values 
of G’/G” at 50 rad s–1 and consistency index (K25 °C) of the ultrasonicated samples indicate 
that the ultrasound treatment leads to a more open molecular network with lower density 
strands and gel junction zones in the microstructure.
Regarding physical stability, all samples presented WHC7 °C=100%, retaining all free 
water in the food matrix. However, the WHC25 °C behaved differently (Table 1). The samples 
treated for 1 and 3 min presented WHC25 °C values statistically equal to untreated sample, 
unlike the sample treated for 5 min, which presented a lower value. When the treated samples 
for 1 and 3 min are compared with that of the preceding paper (SPADA et al., 2014) with 
similar consistency index, it is possible to note that they present higher WHC25 °C values. In 
contrast, the treated samples for 5 min showed similar WHC25 °C value to samples with similar 
viscosity.
Table 2 shows the colour properties of the untreated and treated samples at the fi rst day. 
As can be seen all samples presented low values of lightness (from 54.36 to 55.62), a* colour 
coordinate in the red axis (from 4.87 to 5.12) and b* colour coordinate in yellow axis (from 
10.96 to 12.72). The total colour difference (∆E*) between untreated and treated samples 
ranged between 0.31 and 2.03, showing that the ultrasound did not promote visible differences 
on colour attributes of the dessert formulation. In industrial perspective, ∆E* values between 
1.1 and 2.8 units in the CIELab scale are presented as a strict quality standard, values between 
2.8 and 5.6 units are considered as a “normal” pattern and a “low-end” quality when ∆E* 
values are greater than 5.6 units (MELGOSA et al., 2001).
Table 2. Colour parameters of the untreated and treated samples
Samples
Colour parameters
Untreated US-1 US-3 US-5
L* 54.36±0.04 55.37±0.01 55.52±0.02 55.62±0.02
a* 4.87±0.01 4.98±0.02 4.83±0.01 5.12±0.02
b* 10.96±0.02 12.72±0.01 11.95±0.02 11.93±0.01
∆E*(UN/US-1) ∆E*(UN/US-3) ∆E*(UN/US-5) ∆E*(US-1/US-3) ∆E*(US-1/US-5) ∆E*(US-3/US-5)
2.03 1.52 1.60 0.80 0.85 0.31
After 60 days of cold storage, the untreated sample showed equal pH and SSC values 
(Table 1). The shape of the particle distribution did not change (data not shown), but there 
was a slight shift in the distribution towards the smaller particle sizes on storage, resulting in 
a small decrease in the volume mean diameter (D4,3) from 33.69 mm to 26.71 mm. The water 
holding capacity value differed signifi cantly (P<0.05), however it remained high (>90%). 
However, the rheological properties changed during the storage, with decrease of consistency 
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index and G’/G” ratio, showing lower strength of the gel network. Moreover, an increase was 
observed in the fl ow index and percentage of hysteresis area values that confi rms the 
thixotropic behaviour of the samples, since they become less viscous just in repose along the 
time.
The colour of all samples after 60 days of storage can be considered equal to the initial 
value (fi rst day of storage), since the ∆E* values remained in the range of the normal standard, 
as commented before.
3. Conclusions
It can be concluded that the ultrasound infl uenced the properties of the soy-based desserts. 
The ultrasound promoted signifi cant differences in SSC, rheology, particle size, and WHC 
among the samples. Moreover, considerable alterations were observed in the microstructure 
of the US-treated samples when compared with the untreated sample, and the results can be 
related to structural changes or breaking of some components as proteins, starch, and 
polysaccharides, and also of interactions between the components. However, the ultrasound 
had no effect on pH, colour, and percentage of hysteresis area. After 60 days under refrigerated 
storage, all evaluated properties differed signifi cantly, except for the pH. Properties as mean 
particle size, consistency index, and the relation G’/G” decreased during the storage, unlike 
the fl ow index values and percentage of hysteresis area values that increased with time. 
Although more studies on ultrasound are required, it can be concluded that the ultrasound has 
the advantage of changing the texture of the dessert, reducing its viscosity without causing 
negative impacts on essential properties as water holding capacity.
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